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$QWDO\DKDVVWDUWHGLQWHQVLYHFRQVWUXFWLRQZRUNVLQRUGHUWREHFRPHDZRUOGFLW\<DPDQVD]5HJLRQLVIDFLQJWKLV
FRQVWUXFWLRQ DW WKH HDVW FRDVW RI WKH FLW\ $FDU'DWD IURP WKH IRXQGDWLRQ VRLO ERUHKROHV LQ WKLV DUHDZHUH
SURYLGHGE\$QWDO\D0XUDWSDúD0XQLFLSDOLW\7KHUHDUHERUHKROHVRIZKLFKKDYHORZ6371YDOXHDQGKLJK
OLTXHIDFWLRQSRWHQWLDOORFDWHGDWYDULRXVSODFHVLQWKHPDUHDRIWKHUHJLRQ
,QWKHODVWIHZ\HDUVOLTXHIDFWLRQDQDO\VHVZHUHXVHGIRUOLTXHIDFWLRQSRWHQWLDOFDOFXODWLRQHVWLPDWLRQ.D\DEDOÕ
 7KHVH DQDO\VHV VKRZHG WKDW IRXQGDWLRQ VRLO EHWZHHQ  P DQG  P KDV WKH ULVN RI OLTXHIDFWLRQ DW DQ
HDUWKTXDNHZLWK WKHPDJQLWXGH RI0  LQ WKH UHJLRQ/LTXHIDFWLRQ DW<DPDQVD] UHJLRQ LV LQHYLWDEOH DQG LW LV
DEVROXWHO\ QHFHVVDU\ WRPDNH IRXQGDWLRQ VRLO LPSURYHPHQW EHIRUH FRQVWUXFWLRQ WR HOLPLQDWH WKH OLTXHIDFWLRQ ULVN
2]D\GÕQ
*HRORJ\DQGVHLVPLFLW\RI\DPDQVD]UHJLRQ
7KH VWXG\ DUHD LV QHDU WKH FRDVW DQG LW LV DSSUR[LPDWHO\  PHWHUV KLJK IURP WKH VHD OHYHO ,W LV D VZDPS\
HQYLURQPHQWEHFDXVHRIDULYHUGHOWD7KHJURXQGZDWHUOHYHOLVIRXQGDWWKHGHSWKRIPHWHUVE\ERUHKROHVDQG
WHVW SLWV LQ WKH VWXG\ DUHD 7KH OHYHO FKDQJHV GHSHQGLQJ RQ VHDVRQDO UDLQV DQG LW KDV OLTXHIDFWLRQ ULVN GXH WR DQ
HDUWKTXDNHEHFDXVHRIVLOW\DQGVDQG\HQYLURQPHQW7KHVWXG\DUHDKDVOHVVWKDQRIWRSRJUDSKLFDOVORSH
$QWDO\D&HQWUXPLVRQWKHVHFRQGGHJUHHVHLVPLF]RQHDFFRUGLQJWR7XUNH\FRQVWUXFWLRQUHJXODWLRQV$QWDO\DDQG
WKHFLW\VXUURXQGLQJGRQRWKDYHWKHW\SHRIIDXOWHGVWUXFWXUHWKDWKDVDQHDUWKTXDNHKD]DUG1HDUHVWIDXOWOLQHWKDW
FDQLPSDFWWKHVWXG\DUHDLV%XUGXU7KLVIDXOWLVQHDUO\NPIDUIURPWKHVWXG\DUHDDQGDQHDUWKTXDNHWKDW
LPSDFWVWKHVWXG\DUHDKDVWKHPDJQLWXGHRI0 LVLWDOZD\V"'RHVLWQHHGWREHWRKDYHDFRQVLGHUDEOH
LPSDFW" 7KHUH DUH WKUHH HDUWKTXDNHV ZKLFK LPSDFWHG $QWDO\D DQG WKH FLW\ VXUURXQGLQJ   ZLWK WKH
PDJQLWXGHRI0  ZLWK WKHPDJQLWXGHRI0  DQG WKH VWURQJHVW RQH DW FRRUGLQDWHV ¶1±
¶(KDSSHQHGZLWKWKHPDJQLWXGHRI0 


)LJ%RUHKROHORFDWLRQPDSRI<DPDQVD]5HJLRQ$QWDO\D7XUNH\
/LTXHIDFWLRQSRWHQWLDODQDO\VLVPHWKRGV
7KHPRVW LPSRUWDQW RQHV RI WKHVH FULWHULD IRU ZKDW" DUH ³$FFHOHUDWLRQ 7KUHVKROG &ULWHULD´ ³3HULRGLF 6KHDU
6WUHVV&ULWHULD´³/LTXHIDFWLRQ,QGH[&ULWHULD´³7RNLPDWVX<RVKLPL0HWKRG´DQG³6HHG'H$OED0HWKRG´&KDQJ
HWDO
3.1. Acceleration Threshold Criteria (Dobry et al. 1981) 
$WWKHDFFHOHUDLWRQWKUHVKROGFULWHULDWKHGHVFULSWLRQRIVDIHW\IDFWRU)DLV
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)D DWDPD[            
,Q WKLV HTXDWLRQ DW LV WKH WKUHVKROG DFFHOHUDWLRQ IRU UHDOL]DWLRQ RI OLTXHIDFWLRQ DQG DPD[ LV WKHPD[LPXP JURXQG
DFFHOHUDWLRQ GXULQJ DQ HDUWKTXDNH ,W LV DFFHSWHG WKDW LI )D   OLTXHIDFWLRQ SRWHQWLDO LV KLJK DQG LI )D ! 
OLTXHIDFWLRQSRWHQWLDOLVORZ'REU\HWDO
'REU\HWDOVXJJHVWHGWKHVHFULWHULDWKDWGHILQHOLTXHIDFWLRQSRWHQWLDOE\XVLQJVKHDUZDYHYHORFLW\9V
WW DWJVYUG           
)URPWKHIRUPXODDERYHWKHWKUHVKROGDFFHOHUDWLRQYDOXHFDQEHFDOFXODWHGDVIROORZV
DWJ >JW**PD[WYV@J]           
+HUH UG LV D UHSUHVHQWDWLYH UHGXFWLRQ IDFWRURI VRLO DJDLQVW LQFUHDVLQJ OLTXHIDFWLRQE\GHSWK DQG FDQEH FDOFXODWHG
IURPWKHHTXDWLRQ
UG ]        
ZKHUHVYWRWDOYHUWLFDOVWUHVV]GHSWKP
7KUHVKROG VKHDU GLVSODFHPHQW JW YDOXH LV VHW WR  DQG FRUUHVSRQGHQFH RI WKLV YDOXH * *PD[ W LV
DFFHSWHGWREH)RURWKHUJSHUFHQWDJHVDWJUDWLRFDQEHFDOFXODWHGE\
,QFUHDVLQJRIVKHDUZDYHYHORFLW\RIVRLO9VLQFUHDVHVWKHWKUHVKROGDFFHOHUDWLRQYDOXHDW)RUDFWXDOL]DWLRQRI
OLTXHIDFWLRQ DW YDOXH VKRXOG EHPXOWLSOLFLWLHG E\ D VDIHW\ IDFWRU RI  DQG WKXVPD[LPXPGHVLJQHG DFFHOHUDWLRQ
YDOXHDGWKDWFDXVHVOLTXHIDFWLRQLVGHVFULEHGE\
DG DW            
$V VHHQ IURP7DEOH WKHPD[LPXPVRLO DFFHOHUDWLRQYDOXHRI DQ LQWHUPHGLDWHPDJQLWXGHHDUWKTXDNH 0  LV
JDQGWKHWKUHVKROGDFFHOHUDWLRQVDIHW\IDFWRU)DLV)D JJ PHDQVWKDWOLTXHIDFWLRQULVNLV
DWKLJKOHYHO

7DEOH0D[LPXPDFFHOHUDWLRQDW¨GLVWDQFHIURPHSLFHQWUH

P
'  NP '  NP
+RXVQHU 6FKQDEHOHWDO +RXVQHU 6FKQDEHOHWDO
    
    
    
    
P0DJQLWXGH¨GLVWDQFHIURPHSLFHQWHU
3.2. Periodic Shear Stress Criteria (Seed and Idriss., 1981) 
$WWKLVFULWHULDVDIHW\IDFWRU)VLVXVHGDVWKHUDWLRRI
)V WVWR      
+HUHWV LV UHTXLUHGSHULRGLF OLPLW VKHDUVWUHVV IRUVWDUWLQJRI OLTXHIDFWLRQDWDVSHFLILFVRLODQGWR LVDYHUDJHVKHDU
VWUHVVWKDWDVSHFLILFHDUWKTXDNHJHQHUDWHV$IWHUWKHVHVWUHVVHVZHUHIRXQGOLTXHIDFWLRQVDIHW\IDFWRU)VLVREWDLQHG
,W LV DFFHSWHG WKDW LI)V!  WKHUHZLOOQRWEH OLTXHIDFWLRQDQG LI)V OLTXHIDFWLRQ LV LQHYLWDEOH+RZHYHU637
YDOXHVVKRXOGEHPXOWLSOLFLWLHVZLWKD&1FRUUHFWLRQIDFWRUZKLFKFKDQJHVGHSHQGLQJRQGHSWKDQGGHILDQWHIIHFWLYH
YHUWLFDOVWUHVVDQGWKHHTXDWLRQEHORZLVXVHG
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1 &11         
15HYLVHG637YDOXH)RUFRUUHFWLRQDIDFWRU&1
&1 ORJVY¶          
LVXVHG+HUHVY¶LVHIIHFWLYHYHUWLFDOVWUHVVYDOXHDQGLWVKRXOGEHWDNHQDVWP:KHQWKH1YDOXHRIDVRLOOD\HULV
NQRZQSULPDULO\&1YDOXHVKRXOGEHIRXQGDW7KLVUDWLRLVFDOOHGDVSHULRGLFOLTXHIDFWLRQVWUHVVUDWLR:KHQWKLV
UDWLRLVIRXQGKRUL]RQWDOVKHDUVWUHVVĲVWKDWUHTXLUHGIRUOLTXHIDFWLRQIRUPXOD
WV DVYµ    
LVXVHG$YHUDJHKRUL]RQWDOVKHDUVWUHVVLVIRXQGE\WKHHTXDWLRQEHORZZLWKWKHHIIHFWRIPD[LPXPVRLODFFHOHUDWLRQ
DPD[RIDQHDUWKTXDNH
WR DPD[JVYUG          
+HUHFKDQJLQJE\GHSWKRIUGLVLGHQWLILHGDVFXUYLOLQHDU6HHG+RZHYHUWKHUHZLOOEHQRLPSRUWDQWGLIIHUHQFH
E\XVLQJ(TXDWLRQZKLFKLVUHFRPPHQGHGE\,ZDVDNLHWDOIRUVLPSOLI\LQJDWSUDFWLFH
3.3. Liquefaction Index Criteria (Iwasaki et al.,1983)
)RUVDIHW\IDFWRURIDVRLOOD\HU
)/ 5/     
UDWLRLVFDOFXODWHGDQGLIWKLVUDWLRLVELJJHUWKDQLWDVVXPHVWKDWWKHUHZLOOQRWEHOLTXHIDFWLRQ+HUH5LVSHULRGLF
VKHDUVWUHQJWKUDWLRDWOLTXHIDFWLRQRIVRLODQG/LVVKHDUVWUHVVUDWLRDWDKLJKPDJQLWXGHHDUWKTXDNH(PSLULFDOO\5
DQG/YDOXHVFDQEHFDOFXODWHGEHORZ
           5 >1VY¶@%             
% ORJ' LIPP'PP
%    LIPP'PP
/ DPD[JVY¶VYUG       
+HUHVY¶LVHIIHFWLYHYHUWLFDOVWUHVVNJFPDPD[LVPD[LPXPVRLODFFHOHUDWLRQ'LVDYHUDJHJUDLQGLDPHWHUDQGUG
LVGHSWKUHGXFWLRQIDFWRU
3.4. Tokimatsu-Yoshimi Method (Tokimatsu and Yoshimi., 1983) 
$W7RNLPDWVX<RVKLPLPHWKRG  F\FOLF VWUHVV UDWLR &65( WKDW RFFXUV EHFDXVH RI HDUWKTXDNH FRXOG EH
ZULWWHQEHORZDV
WDYJVYµ 0V±DPD[JVYVYµUG        
+HUH 0V LV LQVWUXPHQWDO PDJQLWXGH RI HDUWKTXDNH DPD[ LV PD[LPXP KRUL]RQWDO DFFHOHUDWLRQ YDOXH J LV JUDYLW\
DFFHOHUDWLRQ UG LV GHSWK UHGXFWLRQ IDFWRU UG ] ĲDYJ LV DYHUDJH VKHDU VWUHVV ĲDYJ   ĲPD[ ıY LV WRWDO
YHUWLFDOVWUHVVDQGıY¶LVWRWDOHIIHFWLYHYHUWLFDOVWUHVV
)RUFDOFXODWLQJF\FOLFVWUHVVUDWLRWRFDXVHOLTXHIDFWLRQ&65/WKHHTXDWLRQEHORZLVSURSRVHG
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WVYµ $&U^>1D@>1D&V@Q`       
+HUH ĲLV KRUL]RQWDO VKHDU VWUHVV RI VRLO VDPSOH WDNHQ IURP VLWH $ &U Q DQG &V FRHIILFLHQWV KDYH WKH YDOXH RI
UHVSHFWLYHO\DQGDQG1DLVGHILQHGDVEHORZ
1D 1'1I           
6371YDOXHVFDQEHQRUPDOL]HGIRUVYµ NJIFPN3DDQGZULWWHQDVEHORZ
1 &11 1VYµ            
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FRXOG EH WDNHQ IURP7DEOH  ,I &65(&65/  SRWHQWLDO RI OLTXHIDFWLRQ LV KLJK DQG LI &65(&65/! 
SRWHQWLDORIOLTXHIDFWLRQLVORZ
7DEOH&RUUHODWLRQIDFWRUVIRU6371DYDOXH
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&RUUHFWLRQIDFWRUIRU6371YDOXH
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ZKHUH
%RUHKROH 63716WDQGDUWSHQHWUDWLRQWHVWQXPEHU
    )D6DIHW\IDFWRUDWDFFHOHUDLWRQWKUHVKROGFULWHULD
    DWWKUHVKROGDFFHOHUDWLRQYDOXH
    DPD[0D[LPXPKRUL]RQWDODFFHOHUDWLRQYDOXH
    )V6DIHW\IDFWRUDWSHULRGLFVKHDUVWUHVVFULWHULD
    ĲVUHTXLUHGSHULRGLFOLPLWVKHDUVWUHVV
    ĲDYHUDJHVKHDUVWUHVV
    )/VDIHW\IDFWRURIDVRLOOD\HU
    5SHULRGLFVKHDUVWUHQJWKUDWLR
    /VKHDUVWUHVVUDWLRDWDKLJKPDJQLWXGHHDUWKTXDNH
    &65/F\FOLFVWUHVVUDWLRWRFDXVHOLTXHIDFWLRQ&65(F\FOLFVWUHVVUDWLR
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3.5 Seed DeAlba Method (Seed and DeAlba, 1983) 
$W WKLVPHWKRGVRLO OLTXHIDFWLRQDOVRFRXQWVGHSHQGLQJRQ6371YDOXHV ,W LVDGYLVHG WRXVH 1 IRU&65/
YDOXH
WVY¶ 0V1        
+HUH1LVWKHODVWFRUUHFWHGEORZFRXQW
6371EORZFRXQWWKDWQRUPDOL]HGIRUVY¶ NJFPN3DFRXOGEHZULWWHQDVEHORZ
1 &11 1VYµ         
1YDOXHLVFRUUHFWHGIRUHQHUJ\RIUDPPHU(5U(5U#DVEHORZ
1 (5U1         
,I&65(&65/SRWHQWLDORIOLTXHIDFWLRQLVKLJKDQGLI&65(&65/!SRWHQWLDORIOLTXHIDFWLRQLVORZ
/LTXHIDFWLRQDQDO\VLVRI<DPDQVD]UHJLRQ$QWDO\D
7KHUHDVRQVRIOLTXHIDFWLRQSRWHQWLDODQDO\VLVPHWKRGVDUHVKRZQLQ7DEOH:KLOHORRNLQJDWWKHVHUHDVRQVRI
VHYHUDOPHWKRGVYDOXHVDUHFRPSDWLEOHZLWKHDFKRWKHUDQGLWLVFOHDUO\LQWHOOLJLEOHDW<DPDQVD]UHJLRQOLTXHIDFWLRQ
ULVNLVIRXQGDW0 PDJQLWXGHHDUWKTXDNH
5HVXOWVDQGGLVFXVVLRQV
/LTXHIDFWLRQ DQDO\VLVZDVPDGH LQ<DPDQVD] UHJLRQ DW D SRWHQWLDO HDUWKTXDNH VLWXDWLRQ$W WKH VWXG\ DUHD 
ERUHKROHVZLWK WKHGHSWKRIPHWHUVDUHXVHG7KHVHYDOXHVDUHREWDLQHGIURPODERUDWRU\DQG6371YDOXHV$W
WKLVVWXG\ERUHKROHVZKLFKKDVORZ6371YDOXHV1 aDUHXVHGIRUOLTXHIDFWLRQDQDO\VLVDWOD\HUV
$QWDO\DKDVWKHULVNRIHQFRXQWHULQJZLWKWKHPDJQLWXGHRI0 HDUWKTXDNHDQGVWXG\DUHDKDVVDWXUDWHGORRVH
VDQGVDQG\VLOWDQGFOD\H\VDQGVRLOOD\HUVDQGIRUWKHVHOD\HUVVHYHUDOOLTXHIDFWLRQDQDO\VLVPHWKRGVDUHXVHGDQGLW
LVFRQVLGHUHGWKDWOLTXHIDFWLRQDWWKHVWXG\DUHDLVLQHYLWDEOH
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$FNQRZOHGJHPHQWV
 7KHDXWKRUVZRXOGOLNHWRWKDQN5HVHDUFK8QLWRIWKH$NGHQL]8QLYHUVLW\
5HIHUHQFHV
 $FDU0+([SRVLRQVRI6RLO0HFKDQLFDQG)RXQGDWLRQ(QJLQHHULQJ$NGHQL]8QLYHUVLW\$QWDO\D7XUNH\
 .D\DEDOÕ.*HRWHFKQLFDOHDUWTXDNHHQJLQHHULQJ*D]L.LWDEHYL$QNDUD7XUNH\
 2]D\GÕQ.*HRWHNQLNøQFHOHPHOHULQ0KHQGLVOLNWHNL|QHPL'HSUHPYH=HPLQ$oÕVÕQGDQ.RQ\D7XUNH\
 &KDQJ0.XR&36KDX6++VX5(&RPSDULVRQRI6371EDVHGDQDO\VLVPHWKRGVLQHYDOXDWLRQRIOLTXHIDFWLRQSRWHWLDO
GXULQJWKH&KLFKLHDUWTXDNHLQ7DLZDQ&RPSXWHUVDQG*HRWHFKQLFV
 'REU\56WRNRH.+/DGG56<RXQG7//LTXHIDFWLRQ6XVFHSWLELOLW\IURP6ZDYH9HORFLW\$6&(1DWLRQDO
&RQYHQWLRQ6W/RXLV0LVVRXUL86$3UHSULQW
 6HHG+%,GULVV,0(YDOXDWLRQRIOLTXHIDFWLRQ3RWHQWLDORI6DQG'HSRVLWV%DVHGRQ2EVHUYDWLRQVRI3HUIRUPDQFHLQ3UHYLRXV
(DUWTXDNHV3UHSULQW$6&(1DWLRQDO&RQYHQWLRQ6W/RXLV0LVVRXUL86$
 ,ZDVDNÕ7$UDNDZD77RNÕGD.,6LPSOLILHG3URFHGXUHVIRU$VVHVVLQJ6RLO/LTXHIDFWLRQ'XULQJ(DUWTXDNHV6RLO'\QDPLFV
DQG(DUWTXDNH(QJLQHHULQJ
 7RNLPDWVX.<RVKLPL<(PSLULFDO&RUUHODWLRQRI6RLO/LTXHIDFWLRQ%DVHGRQ63719DOXHDQG)LQHV&RQWHQW6RLOVDQG
)RXQGDWLRQ
 6HHG+%'HDOED38VHRI637DQG&377HVWIRU(YDOXDWLQJWKH/LTXHIDFWLRQ5HVLVWDQFHRI6DQGV&OHPHQFH3URFHHGLQJ
LQVLWX¶9LUJLQLD7HFK%ODFNVEXUJ9$*HRWHFKQLFDO6SHFLDO3XEOLFDWLRQ$6&(
